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 Introduction

 The use of animals such as rats and mice for re-
search on the causes of, and treatments for, psychiatric 
illness is challenging: signs and symptoms of such condi-
tions often reflect motivations, emotions, and thought 
processes not realistically attributable to these species. 
Laboratory studies of anxiety using rodents generally 
focus on ethologically relevant behavioral paradigms, 
particularly for assessing the efficacy of drugs used to 
treat anxiety in humans. Often described as “models,” 
many of these approaches are better conceptualized 
as “assays” designed to identify new chemicals or ma-
nipulations that produce effects resembling those of 
standard antianxiety (anxiolytic) medications (eg, ben-
zodiazepines). Indeed, behavioral assays that identify 
effective therapeutic treatments in rodents tend to have 
few characteristics directly applicable to human popula-
tions or to require anthropomorphic projection of com-
plex human traits. This can lead to data overinterpre-
tation, eg, describing a mouse that spends less time on 
the open arm of a maze as being “anxious” rather than 
(more appropriately) as expressing an “anxiety-like” 
behavior. Frequently, treatments that produce effects 
opposite to those of standard anxiolytics are consid-
ered “anxiogenic.” For such reasons, the broad utility of 
animal models in psychiatric drug discovery efforts has 
been questioned.1 With the advent of Research Domain 
Criteria (RDoC) principles, which focus on domains 
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Stress is a precipitating factor for anxiety-related disor-
ders, which are among the leading forms of psychiatric 
illness and impairment in the modern world. Rodent-
based behavioral tests and models are widely used to 
understand the mechanisms by which stress triggers 
anxiety-related behaviors and to identify new treatments 
for anxiety-related disorders. Although substantial prog-
ress has been made and many of the key neural circuits 
and molecular pathways mediating stress responsiveness 
have been characterized, these advances have thus far 
failed to translate into fundamentally new treatments 
that are safer and more efficacious in humans. The pur-
pose of this article is to describe methods that have been 
historically used for this type of research and to highlight 
new approaches that align with recent conceptualiza-
tions of disease symptomatology and that may ultimately 
prove to be more fruitful in facilitating the development 
of improved therapeutics.
© 2017, AICH – Servier Research Group Dialogues Clin Neurosci. 2017;19:181-191.
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(signs and symptoms) that span multiple disorders,2 
more and more preclinical studies of the neurobiology 
of anxiety focus on behavioral and physiological mea-
sures that can also be studied in humans.
 Here, we briefly summarize classical anxiety assays 
and putative preclinical models of anxiety-related dis-
orders. We then describe new investigational directions 
in the search for more translational behavioral tests 
that can facilitate studies that better predict clinical 
outcomes in humans, improve the success of clinical tri-
als, and hasten the development of novel therapeutics.

Classical tests of anxiety-like behavior

Anxiety and fear produce similar behavioral respons-
es, including increased vigilance, freezing and/or hy-
poactivity, elevated heart rate, and suppressed food 
consumption.3 Many comprehensive review articles 
describe the brain regions that mediate fear- versus 
anxiety-like behavioral responses.4,5 “Anxiety-like” be-
haviors—so-called because they resemble anxiety be-
haviors in humans, though in rodents they might actu-
ally represent something else entirely—are defined as 
those elicited by aversive stimuli that are diffuse, unpre-
dictable, distal, or of long duration.3,6,7 Extensive exami-
nation of brain areas that mediate fear versus anxiety 
suggest that the amygdala mediates fear-like behaviors 
to short, discrete, and proximal aversive cues, whereas 
the bed nucleus of the stria terminalis (BNST) mediates 
anxiety-like or worry-like behaviors.7,8 These two brain 
areas regulate one another to coordinate activation of 
brain regions that mediate similar behavioral and phys-
iological output. We provide a brief overview of vari-
ous anxiety behavioral assays used in rodents; however, 
more comprehensive reviews are available.9 

Approach-avoidant behaviors

Classical models of anxiety-like behavior in rodents fo-
cus on ethologically relevant assays to assess approach 
versus avoidance behavior, baseline vigilance, or defen-
sive behaviors. Approach-avoidant paradigms exploit 
scenarios in which environmental stimuli may be per-
ceived as threatening; latency to approach or time spent 
with a novel object (a potential threat) is measured and 
used as a putative indicator of anxiety. Rodents tend to 
prefer dark and enclosed spaces, which reduces risk of 
predation.10 The light-dark box assay consists of a box 

divided into two sections: a minimally lit side with black 
walls (dark side) and a brightly lit side with white walls 
(light side).10-12 Shorter latencies to enter and/or greater 
amounts of time spent in the light side of the box are in-
terpreted as indicating less anxiety-like behavior or an 
anxiolytic-like effect. Similarly, the elevated plus maze 
(EPM) combines natural preferences for dark spaces 
and aversions to illuminated, open, and/or elevated ar-
eas. The EPM consists of two opposing enclosed arms 
and two nonenclosed (open) arms, shaped as a “plus 
sign” and elevated several feet above the ground13,14; la-
tency to enter, time spent within, and number of entries 
into each arm type are used as proxies of anxiety levels, 
with greater amounts of time spent in the open arms in-
terpreted as lower anxiety levels. The social interaction 
test can also assess approach-avoidant behavior.15,16 In 
this test, the “target” subject is first placed into an are-
na where no social partner is present, and the baseline 
amount of time that it spends in a zone that will later 
contain a social interaction partner is measured. Once 
a social partner is present, the latency and time spent 
with the partner is measured, and the ratio of the time 
spent in the zone with and without the social partner is 
used as an indicator of anxiety. Although social interac-
tion tests are thought to assess traits other than anxiety 
(eg, rewarding effects of social interaction), anxiety-
related states influence the amount of time a rodent 
interacts with a partner, as indicated by the prosocial 
effects of standard anxiolytics.17 The open field test is 
often used to assess both anxiety and locomotor activ-
ity; it involves an open box with anxiety levels inferred 
by the latency to enter and time spent in the center of 
the arena (where the subject would be hypothetically 
most vulnerable to predators). Finally, the novelty sup-
pressed feeding (NSF)—also known as the hyponeo-
phagia test—involves an open field and the latency to 
approach and consume a food item (eg, graham crack-
er). This test exploits the natural apprehension of ro-
dents to consume novel foods. Mice or rats are placed in 
a novel environment (eg, a beaker, an open field) with 
a highly palatable food spread throughout. Different 
foods can be used, allowing repeated testing.18 A close 
variant, the novelty-induced hypophagia (NIH) test, in-
volves exposing mice to sweetened condensed milk for 
several days and then assessing latency to consume it 
in a novel environment.19 In each assay, the test condi-
tions can be altered to be more sensitive to manipula-
tions that produce either anxiolytic- or anxiogenic-like 
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effects, including lighting levels, habituation to the envi-
ronment before testing, and background noise.16,20 

Defensive behaviors 

Other classical assays of anxiety quantify the ability of 
stimuli to elicit defensive behaviors. Rodents avoid—or 
show greater amounts of defensive behaviors in—en-
vironments containing cues that indicate the presence 
of a predator. Behaviors observed when the predator 
is present are thought to reflect fear; behaviors ob-
served when only stimuli associated with the predator 
(eg, odor) are present are thought to reflect anxiety.21-24 
Similarly, Pavlovian conditioning to a light/tone paired 
with a shock causes fear evoked by the light/tone. How-
ever, if the duration of light/tone cue presented before 
the shock is long, the behavior is thought to reflect 
anxiety.8,25 In general, the metrics used for these tests 
are acoustic startle (an active “flinch-like” response to 
a white noise burst, measurable in units of force26) or 
freezing behavior (a passive response where movement 
is minimized27). Acoustic startle has appeal because it is 
sensitive to treatments (eg, administration of the stress 
peptide corticotropin-releasing factor [CRF]) that also 
cause stress responses in humans (Figure 1) and be-

cause the same fundamental response can be studied 
across species. These behavioral paradigms are used ex-
tensively and provide insight into the neurobiological 
underpinnings of anxiety and fear. 

Rodent models of anxiety-related disorders

Environmental manipulations across development can 
alter anxiety levels in rodents. Many such manipula-
tions include exposing rodents to a form of stress and 
later measuring anxiety levels. In humans, stress can 
precipitate or exacerbate anxiety-related disorders; 
thus, stress has been extensively studied in rodents to 
understand the neurobiology underlying this effect. 
Unfortunately, few rodent stress paradigms used are 
immediately applicable to humans, although some are 
designed to mimic the variability, duration, and sever-
ity of stress encountered by humans. These paradigms 
involve various types of stressors, including footshock, 
hypothermia, forced swim, restraint, elevated pedestal, 
or oscillation stress, or combinations thereof. Stress du-
ration varies between paradigms. Further, some designs 
may involve exposure to multiple stressors each day 
across multiple days, whereas others involve a single se-
vere stressor (eg, 100 tailshocks over a 2-hour period). 
Here, we describe a few of the most commonly used 
stress paradigms. 

Chronic mild stress

In the chronic mild stress (CMS) model, rodents are 
subjected to a series of unpredictable small stressors 
over a period of weeks. There are many variations of 
this model, involving different stressors and durations; 
it may be referred to by different names, including 
chronic unpredictable stress (CUS) and chronic vari-
able stress (CVS), despite minimal procedural dif-
ferences.28,29 In one variant, rodents are subjected to 
a combination of mild stressors, including overnight 
illumination, food deprivation, cage tilt, or change of 
cage mate over a period of weeks.28 Another variation 
involves footshock, oscillation stress, elevated ped-
estal stress, forced swim, and restraint stress.30 These 
approaches produce an array of behavioral changes, 
including the development of anxiety-like behaviors, 
and have been used as a model of depression because 
they can induce anhedonia (reduced sensitivity to re-
ward) and respond to antidepressant treatment.28,29 
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Figure 1.  Assessment of the acoustic startle reflex in rodents. (A) 
Sprague-Dawley rat in an apparatus that quantifies startle 
responses. Rats are placed within a nonconfining holder to 
minimize restraint stress. Startle response is induced by a 
burst of white noise delivered via a speaker located behind 
the rat. The force displaced is quantified by an accelerom-
eter beneath the holder. (B) Acute effects of the stress-pep-
tide corticotropin-releasing factor (CRF; administered intra-
cerebroventricularly [ICV]) or vehicle only (VEH) on acoustic 
startle in 150-minute test sessions. Data are expressed as 
(%) change from pretreatment tests. CRF produces a dose-
dependent increase in startle. *P<0.05;**P<0.01; Tukey’s 
t-tests. 
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This model’s main limitation is that it can be difficult 
to replicate from lab to lab, or even within labs over 
time, for reasons that are not understood.31

Single prolonged stress

The single prolonged stress (SPS) paradigm was devel-
oped to model posttraumatic stress disorder (PTSD).32 
In SPS, rodents are subjected to a sequence of severe 
stressors: 2 hours of restraint stress, followed by 20 min-
utes of forced swim, followed by exposure to ether until 
loss of consciousness. Typically, the animals are then left 
undisturbed for 1 week to allow the full development of 
symptoms. This procedure produces many neurochemi-
cal and behavioral characteristics resembling PTSD. 
For example, SPS-exposed rats have enhanced gluco-
corticoid negative feedback, increased contextual fear 
conditioning, and impaired fear extinction.33-35 

Chronic social defeat stress

Chronic social defeat stress (CSDS) produces behav-
ioral and physiological consequences relevant to psy-
chiatric illnesses, including anxiety and depression. 
CSDS is suitable for rats36 or mice37; a typical regimen 
for mice consists of 10 days of exposure of an “intruder” 
to an aggressive “resident” for 10 minutes.38 The mice 
are then housed together separated by a Plexiglas bar-
rier, allowing sensory, but not physical, contact. This 
procedure causes profound alterations in behavior in 
the intruder, including decreased exploratory behavior 
in the EPM and open field, increased latency to enter 
the light side of a light-dark box, reduced social inter-
action, and anhedonia.37,39-41 Some of these alterations 
persist after cessation of the stress regimen; others 
quickly recover.41 The primary advantages of this proce-
dure are that it is an ethologically relevant stressor that 
takes advantage of a type of stress that a rodent may 
encounter in a natural environment and that the result-
ing behavioral phenotypes are sensitive to chronic but 
not acute administration of standard antidepressants.37 
Despite these advantages, there are many limitations: 
most important, female rodents tend not to engage in 
the type of territorial aggression needed to produce 
the phenotype, suitability is limited to procedures that 
require tethering (eg, microdialysis, optogenetics), and 
there is risk of physical injury to animals in which heavy 
investments have been made.

Developmental models

Postnatal stress 

In humans, childhood trauma is associated with anxiety 
disorders, depression, and other psychiatric disorders 
in adulthood. In rodents, early prenatal and postnatal 
experience can also cause lifelong alterations in respon-
siveness to stress.42,43 In the maternal separation model, 
pups are withheld from their mothers during the early 
postnatal period for various periods (from minutes to 
weeks44). Maternal separation results in heightened 
anxiety-like behaviors in adulthood and hyperactivity 
of the hypothalamic-pituitary-adrenal (HPA) axis.44,45 
However, divergent outcomes may result, dependent 
on the timing of the stress: maternal separation during 
postnatal days 3-4 (PND 3-4) causes a hyperrespon-
sive HPA axis; separation during PND 11-12 causes the 
opposite effect (hyporesponsiveness).46 The quality of 
maternal care, such as maternal licking, grooming, and 
nursing, plays a protective role, dampening the stress 
responses during this early postnatal period. A natural-
istic model of chronic early-life stress has been devel-
oped in which the mother and pups are placed in an 
impoverished cage environment with minimal bedding 
material and a single paper towel for nesting material 
from PND 2-9.47 This causes fragmented and erratic ma-
ternal care, resulting in offspring with heightened anx-
iety-like behavior and memory impairments in adult-
hood.48-50

Prenatal stress 

Stress during maternal gestation can also have long-term 
behavioral consequences in the offspring. Prospective 
studies suggest that higher levels of maternal stress are 
associated with infants that are more irritable, greater 
levels of sleeping and feeding problems, and higher 
levels of emotional problems in childhood and adoles-
cence.51,52 Rodent models of prenatal stress have been 
performed with a variety of parameters, but typically 
involve a stressor such as restraint or footshock applied 
one to three times a day, most often performed during 
the last postnatal week of pregnancy.53 Although results 
can be variable, reliable alterations include HPA-axis 
dysregulation and behavioral abnormalities, including 
heightened anxiety-like behaviors and anhedonia.53 
Interestingly, a maternal immune activation model in 
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which pregnant rodents are administered a viral and/or 
bacterial mimetic to induce an innate immune response 
can also produce heightened anxiety-like behaviors in 
the offspring.54,55 Considering the highly interconnected 
nature of the stress and the immune responses, similar 
mechanisms may underlie the full spectrum of effects 
seen in these models. Indeed, pairing prenatal immune 
activation with a second peripubertal stress markedly 
enhanced the effects.56

Considerations

Use of a chronic stress model requires important con-
siderations. The first priority is to select a model that is 
robust and reproducible and has high construct validity 
(ie, based on the causative factors of the disease). Con-
struct validity is often the most difficult to satisfy, but 
choosing a model where the stressor matches what is 
known about the etiology of the disorder (eg, postnatal 
stress to model a predisposition for anxiety-disorders in 
those with childhood trauma) is a desirable approach. 
The influence of sex as it relates to both the suscep-
tibility to and outcomes of anxiety is emerging as an 
important area of study likely to intensify with recent 
guidelines by government funding agencies requiring 
incorporation of sex as a biological variable. Many anx-
iety-related disorders show differences in prevalence 
by sex (the biological term) or gender (the social term), 
with PTSD being almost twice as common in women 
as in men.57 Further, genetic variants have been discov-
ered that cause a predisposition to PTSD only in wom-
en.58,59 It is important to consider that stress models 
may have different effects, depending on sex; this is es-
pecially true for CSDS, which is most effective in males, 
although variants have been described in female rats60 
and mice.61 Additionally, besides a difference in the de-
gree of stress response, behavioral adaptations in fe-
males may have different manifestations. For example, a 
novel active fear response called darting occurs almost 
exclusively in female rats.62 Historical factors, including 
the perception of higher variability due to estrous cycle, 
have hampered inclusion of female subjects, despite ev-
idence to the contrary.63 Also, there can be substantial 
strain differences in stress responsiveness, eg, the dif-
ference between the C57BL/6 strain, which tends to be 
stress resilient, and the BALB/c strain, which tends to 
be stress susceptible.29,64 Strain differences, as well as ge-
netic drift, have been found in stress-related behavioral 

responses, autonomic responses, HPA-axis responses, 
and physiological end points, such as the microstructure 
of sleep.64-67

New directions in behavioral analysis

The past decade has seen a rapid evolution of tech-
niques useful for dissecting the neural circuitry of 
anxiety-related behavior. At the forefront has been the 
development of genetic tools, such as light-activated 
channelrhodopsins (for optogenetics) and chemical-
activated receptors (ie, designer receptors exclusively 
activated by designer drugs, or DREAADs) that allow 
control of neuronal activity with unprecedented speci-
ficity and precision. The development of mouse lines 
with promoter-driven expression in defined neuronal 
subsets will aid transformational advances in under-
standing of neuroanatomy at the level of genetically 
defined neural populations and circuits. Coinciding with 
this enhanced ability to manipulate the central nervous 
system (CNS) has been the development of new tech-
niques that measure circuit function, including Ca2+ im-
aging techniques that capture activity of large neuronal 
populations simultaneously. 
 Technical and conceptual innovations in behavioral 
and physiological end points have not advanced at a sim-
ilar pace. Rather, there has been an increasing reliance 
on simplifying behavioral end points, which may be more 
amendable to dissection of the underlying neural circuits. 
The lack of advancement in modeling disease-relevant 
end points for psychiatric disorders may be the single 
greatest obstacle in translating new insights on CNS 
function into treatment of human disease. There are two 
major challenges facing researchers who use classical 
behavioral tests. First, they typically rely upon anthro-
pomorphism—inferring how situations should affect the 
emotional state of the animal. This results in an inherent 
subjectivity that can make studies difficult to replicate, 
even among researchers working within the same lab. 
Second, behavioral tests performed in rodents do not 
often have direct correlates in humans, potentially limit-
ing translational value. However, emerging approaches 
reflect attempts to overcome these limitations.

Comprehensive behavioral approaches

The recent advent of genomic, transcriptomic, and other 
“-omic” approaches has led to interest in new insights 
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that large data sets may hold. A data-driven approach 
can be used, where new discoveries can emerge from 
data sets themselves; such approach is less reliant on 
theory-driven a priori hypotheses. Further, large data 
sets are amenable to modern analytic methods, such 
as machine learning, that offer discovery of new pat-
terns and associations between variables. However, in-
sights on how to apply these approaches to behavioral 
neuroscience are still nascent. The main obstacle is the 
sheer quantity of data. Whereas many classical behav-
ioral tests offer limited amounts of data during a brief 
snapshot of time, new approaches can provide constant 
(24/7) data streams over long periods. To gain more data 
there are two main options: increasing the quantity of 
behavioral tests used (ie, multiple high-throughput be-
havioral assays run in parallel) or using new behavioral 
tests that individually produce vast quantities of data.
 Several groups now use continuous and advanced 
behavioral tracking to extract more comprehensive be-
havioral phenotypes. One example is the development 
of proprietary, large-scale behavior-based systems (eg, 
SmartCube)68 that can screen large quantities of drug 
candidates in rodents by using custom hardware and 
continuous tracking that measures locomotion, trajec-
tory complexity, and simple behavioral sequences, col-
lecting upwards of 500 000 data points for each subject. 
The system then uses supervised machine-learning al-
gorithms to generate specific behavioral signatures of 
different classes and subclasses of drugs, such as those 
with known anxiolytic or anxiogenic effects in humans. 
Other versions incorporate alternate components such 
as paw contact, body position, and limb movement (out-
come parameters more relevant to many chronic pain 
paradigms), or social behavior, circadian, and cognitive 
behavior (more relevant to neuropsychiatric disease).68 
Another example is the use of three-dimensional depth 
tracking techniques to fully characterize the activity 
of freely behaving mice.69 A machine-learning–based 
analysis is used to parcel out individual behavioral 
modules (eg, low rear, pause, walk) and their associ-
ated transition probabilities. A repertoire of behavioral 
motifs is generated that is akin to a language of body 
movements. As proof-of-principle, mutant (knockout) 
mice were compared with wild-type mice via this tech-
nique, and a new alteration in behavior (a combination 
of brief pauses and head bobs) was discovered.69 These 
systems may be able to uncover behavioral patterns 
that are impossible to detect solely by human observa-

tion but that are fundamental elements of rodent be-
havior. 
 A similar approach was recently used to examine 
behavioral patterns in mice after an acute stressor,70 a 
period that may include broad patterns of behaviors 
that facilitate the return to a baseline state. Mice were 
recorded for 15-minute periods in either naive or stress 
conditions, and the activity was broken down into eight 
distinct behavioral categories by a blinded observer. 
After a brief footshock, a distinct temporally organized 
behavioral pattern gradually emerged, consisting of 
increases in grooming, rearing, and walking behavior. 
This behavioral profile was highly sensitive to context, 
as different environments produced different sets of re-
sponses. However, optogenetic excitation of hypotha-
lamic CRF neurons impaired regulation of behavior by 
these environmental cues. These data suggest that after 
stress, mice de-escalate their behaviors in a highly spe-
cific pattern that is influenced both by environment and 
the activity of hypothalamic CRF neurons.70 This type 
of approach has several advantages for studies of anxi-
ety. Foremost, continuously capturing a wide array of 
behaviors and their temporal patterns is more likely to 
generate an ethologically relevant behavioral response 
to stress that does not rely on anthropomorphism. Ad-
ditionally, video recordings in a home cage or similar 
environment are not inherently stressful, and thus do 
not introduce the potentially confounding influence of 
having the observer present or the stress evoked from 
the anxiety test itself (known as “observer effects”). 
These approaches may help to uncover previously 
elusive anxiety-related behaviors in rodents, including 
those relevant to anxiety that are spontaneous or in re-
sponse to internal cues, which are characteristic of panic 
disorder and other anxiety disorders.71 

Translational behavioral approaches

Many classical assays used to study anxiety rely upon 
ethologically relevant rodent behaviors and cannot be 
directly applied to humans, questioning the translational 
validity of such models. Consequently, there is increas-
ing emphasis on end points that can be measured both 
in humans and laboratory animals. This approach will 
ultimately allow experiments to be performed across 
species and enhance use of preclinical data to predict 
clinical outcomes. Three such measures are described 
here: acoustic startle, decision-making, and sleep.
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 A noise burst elicits a startle response both in hu-
mans and laboratory animals.72 Startle is hypothesized 
to reflect vigilance, with higher startle magnitudes in-
dicative of increased anxiety. It is well established that 
hypervigilance, reflected by elevations in the acoustic 
startle response, is a core feature of anxiety disorders, 
including PTSD.73,74 In rodents, startle is typically re-
flected by the force of a whole-body “flinch” response 
measured by an accelerometer located beneath a hold-
ing cage; in humans, it is typically reflected by an eyeb-
link response measured by an orbicularis oculi electro-
myogram (EMG). Manipulations including varying the 

intensity of lighting,75-79 exposure to stress or potential 
for aversive events before startle,30,78,80 or treatment 
with pharmacological agents77,81 can alter the magni-
tude of the startle reflex in humans and rodents. 
 Examining features of other conditions comorbid 
with anxiety disorders may offer new translational 
end points. For example, cognitive or decision-making 
tasks represent end points that may be aberrant in 
anxiety-related conditions. Cognitive impairment is a 
core feature of depressive disorders frequently comor-
bid with anxiety disorder.73 In fact, clinical depression 
has been associated with particularly poor performance 
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after errors,82 which may reflect negative affect or a 
“catastrophic response to perceived failure.”83,84 The 
5-choice serial reaction time task (5-CSRTT) quantifies 
attention in rodents and is analogous to the continu-
ous performance task used to measure attention in hu-
mans.85 In this task, rats are placed in an apparatus and 
trained to detect the location of a stimulus light that is 
randomly presented in one of five apertures. Adminis-
tration of stress peptides can decrease performance on 
this task; eg, intracerebroventricular (ICV) infusion of 
CRF produced dose-dependent decreases in correct 
responses, increases in omissions, and increases in cor-
rect response latencies.86 Similar detriments in perfor-
mance were found after infusion of pituitary adenylate 
cyclase-activating polypeptide (PACAP) or a κ-opioid 
agonist,87,88 both of which produce stress-like effects in 
rodents. The types of error-processing deficits seen in 
humans with depressive illness have many similarities 
with those seen in rodents treated with CRF.89

 Sleep is also highly sensitive to chronic stress. Ac-
cumulating evidence indicates that sleep quality is 
altered across various types of psychiatric illness, es-
pecially those associated with anxiety. Most anxiety 
disorders are associated with increased sleep latency 
and sleep disruption.90 As a prominent example, PTSD 
is highly associated with sleep disturbances, including 
increased nightmares and insomnia, as well as changes 
in sleep architecture, including increased time spent in 
rapid eye movement (REM) and decreased time spent 
in slow wave sleep (SWS) stages.91 Depression is as-
sociated with similar patterns of sleep disruption char-
acterized by increased time in REM, decreased laten-
cy to first REM, and decreased SWS.92 It is currently 
unknown if sleep dysregulation precedes (or is a risk 
factor for) the development of anxiety disorders and 
PTSD, but it clearly exacerbates preexisting symptoms 
of these illnesses. As examples, immobilization stress, 
CMS, and footshock all affect sleep architecture.93-97 
The fact that many types of stress produce alterations 
in sleep that are similar to those found in anxiety dis-
orders98 suggests that examining sleep architecture 
represents a currently underappreciated approach to 
identifying physiological biomarkers with translation-
al relevance. 
 In rodents, analysis of electroencephalogram 
(EEG)/EMG data can provide deeper insight into sleep 
states than simply measuring locomotor activity. Some 
telemetry systems are wireless, enabling continuous 

(24/7) measurement of EEG, EMG, activity, and tem-
perature in freely moving mice or rats for periods up 
to several weeks. Sleep architecture can be quantified 
with information from spectral EEG power and EMG 
activity. These data allow derivation of metrics such as 
REM, non-REM or SWS, and active wakefulness,99 as 
well as circadian rhythmicity of locomotor activity and 
body temperature. Early work shows that some of these 
metrics are sensitive to stress or administration of stress 
peptides (Figure 2), providing proof-of-principle that 
the study of sleep architecture may represent a valuable 
new approach to the study of anxiety-related disorders 
in rodents, with end points that are similar—if not iden-
tical—to those that can be collected in humans. Wire-
less systems add ethological elements to these studies: 
they allow free-range of movement (unlike tethered 
systems) and allow animals to be group-housed while 
data is collected. There are other translationally rele-
vant metrics that can be quantified, including hypother-
mic/hyperthermic responses, epileptiform activity, and 
EEG spectral power.100 Finally, constant collection of 
data over a period of weeks allows for within-subject 
experimental designs that can provide detailed insight 
on the onset, recovery, and persistence of anxiety-relat-
ed changes in sleep and facilitate the development of 
new hypotheses testable in humans with the same end 
points. 

Summary

There are numerous methods for study of anxiety-
related disorders in rodents. Many do not provide di-
rect insight into the signs and symptoms of anxiety in 
humans; rather, they have been developed and refined 
to maximize sensitivity to standard pharmacological 
agents and thus are more accurately conceptualized as 
assays rather than models. Caution is needed when in-
terpreting the data and making conclusions in the con-
text of human anxiety disorders. The development of 
novel methodologies that allow the collection of analo-
gous in vivo end points in rodents and humans is a high 
priority and represents the type of advances needed to 
match the ever-increasing sophistication of molecular 
approaches useful for the study and treatment of psy-
chiatric illness. o
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Métodos conductuales para estudiar la ansiedad 
en roedores

El estrés es un factor precipitante para los trastornos 
relacionados con la ansiedad, los cuales están entre las 
principales formas de enfermedad psiquiátrica y disca-
pacidad en el mundo moderno. Los modelos y las prue-
bas conductuales basadas en roedores son ampliamen-
te empleadas para la comprensión de los mecanismos 
mediante los cuales el estrés gatilla conductas relacio-
nadas con la ansiedad y para identificar nuevos trata-
mientos para los trastornos relacionados con la ansie-
dad. Aunque ha habido un significativo progreso y se 
han caracterizado muchos de los circuitos neurales y vías 
moleculares clave que median la respuesta de estrés, 
estos avances han sido insuficientes para traducirse en 
tratamientos fundamentalmente nuevos que sean más 
seguros y más eficaces en humanos. El propósito de este 
artículo es describir los métodos que se han empleado 
históricamente en este tipo de investigación y desta-
car los nuevos enfoques que sean concordantes con las 
conceptualizaciones recientes de la sintomatología de 
la enfermedad, susceptibles de ser finalmente los más 
fructíferos para facilitar el desarrollo de los mejores tra-
tamientos. 
 

Méthodes comportementales d’étude de l’anxiété 
chez les rongeurs

Le stress est un facteur précipitant des troubles liés à 
l’anxiété qui représentent la majorité des maladies et du 
handicap psychiatriques du monde moderne. Des  mo-
dèles et des tests comportementaux sont largement uti-
lisés chez les rongeurs pour comprendre les mécanismes 
par lesquels le stress déclenche des comportements 
anxieux et pour identifier de nouveaux traitements des 
troubles liés à l’anxiété. Des progrès importants ont 
été réalisés et de nombreux circuits neuronaux et voies 
moléculaires clés véhiculant la réactivité au stress ont 
été caractérisés, mais ces avancées n’ont pas, jusqu’à 
présent, réussi à se traduire en nouveaux traitements 
réellement plus sûrs et plus efficaces chez l’homme. Cet 
article a pour but de décrire les méthodes historiques 
utilisées pour ce type de recherche et de souligner les 
nouvelles approches concordant avec les conceptions 
récentes de la symptomatologie de la maladie suscep-
tibles d’être finalement plus fructueuses pour faciliter le 
développement de meilleurs traitements.




